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Coronary Artery Diameters in the Heart With Complete Transposition
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The use of echocardiographically established values for
dimensions of normal coronary arteries in the setting of the
heart with complete transposition (concordant atrioventric-
ular and discordant ventriculoarterial connections) was
evaluated. The diameters of the proximal coronary arteries
measured at autopsy in 20 patients with complete transpo-
sition who had or had not undergone surgery were directly
comparable with values determined in normal hearts by
two-dimensional echocardiography. The values showed a
linear increase with age, weight and length of the patients
despite ditTerent branching patterns of the coronary arter-
ies. Although there was right ventricular hypertrophy in all
cases, the orifices of the right and left coronary arteries did
It has long been recognized that there is a wide variation in
the origin and branching patterns of the coronary arteries in
hearts with complete transposition (concordant atrioventric-
ular and discordant ventriculoarterial connections) 0-3).
With the advent of the arterial switch procedure for surgical
correction of transposition of the great vessels, increased
attention has been focused on this anatomic feature (4,5).
Because of its high sensitivity and specificity in differenti-
ating these anatomic details (6), two-dimensional echocar-
diography is now increasingly used as the single diagnostic
technique before surgical correction of this lesion. Further-
more, guided by recently established values for the diame-
ters of normal coronary arteries (7), two-dimensional echo-
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not show any significant ditTerence in diameter. Histologic
examination and measurement of the arteries also revealed
findings comparable with those in normal hearts.
These findings suggest a relatively constant developmen-
tal pattern of the proximal coronary arteries despite dif-
ferent hemodynamics between the concordantly connected
heart and the heart with complete transposition. In con-
trast, the functional significance of the stitT and slitlike
orifices of the coronary arteries and their comparatively
small diameters in relation to the ventricular wall thickness
in four hearts studied after the arterial switch procedure
for transposition merit further investigation.
(J Am Coil CardioI1990;15:1433-7)
cardiography could become the ideal tool for identification of
postsurgical complications such as coronary narrowing,
kinking or arterial obstruction (8).
The objective of this study, therefore, was to assess the
justification of using these values obtained from normal
hearts in patients with complete transposition of the great
vessels by determining the dimensions of the coronary
arteries at autopsy in hearts from patients who had or had
not undergone surgical correction.
Methods
Study specimens. Twenty hearts from patients with com-
plete transposition (concordant atrioventricular and discor-
dant ventriculoarterial connections) with intact ventricular
septal structures were investigated. Of the patients, four had
undergone atrial septectomy; eight, a Mustard operation and
four, the arterial switch operation; four had had no operative
procedure. The average patient age at the time of surgical
intervention was 13 months. The average age at death was 32
months (range 1 day to 17 years).
The cause of death was heart failure or arrhythmias, or
both, in 12 cases, pulmonary complications in 3 and varied
problems in 5. The weight of the patients at death ranged
0735-1097/90/$3.50
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Figure 1. Diagrams showing the origin of the coronary arteries and
their branching patterns in the 20 hearts studied. The short-axis view
is shown as seen from beneath (echocardiographic orientation).
When using the Leiden convention, therefore. the right-facing sinus
of the aorta is located anteriorly and leftward relative to the
orientation shown. AD = anterior descending branch; Ant =
anterior; Cx = circumflex artery; LAD = left anterior descending
artery; LCA = left coronary artery; PO = posterior descending
branch; POST = posterior; PT = pulmonary trunk; RCA = right
coronary artery.
and circumflex arteries, leaving only a small accessory
artery originating from the right-facing sinus (Fig. Ie).
In one heart, there was a single coronary artery that arose
from the left-facing sinus and branched into right, anterior
interventricular and circumflex arteries, the latter coursing
between the aorta and pulmonary trunk (Fig. Id). In three of
the remaining hearts, right and circumflex coronary arteries
originated from the left-facing sinus. The anterior descend-
ing artery originated from the right-facing sinus in two of
them and had a high take-off from between the facing sinuses
in the other (Fig. Ie). In the final heart, before the switch
operation, the stems of both main coronary arteries origi-
nated from a single orifice, which was located at the com-
missural attachment of the right- and left-facing aortic leaf-
lets (Fig. If).
Minor anomalies (such as a slitlike orifice or origin of two
orifices from one sinus) were found in 7 of the 20 specimens.
In all hearts other than those that had undergone a switch
procedure, a gradual narrowing of the coronary arteries was
noted beyond their orifice. In contrast, the coronary artery
orifices in the hearts that had undergone the arterial switch
procedure were slitlike and stiff, whereas the coronary
artery diameter widened behind the site of implantation.
Ventricular measurements. The average weight of the
hearts was 130.3 g (range 12 to 775). The thickness of the
right ventricular free wall and right ventricular outflow tract
ranged from 4 to 13 mm, the thickness of the left ventricular
wall from 3.5 to 12 mm and septal thickness from 4.5 to 12
mm. Statistical analysis showed a significant linear correla-
tion between heart weight and age (r = 0.924, P ::; 0.001), as
Ant
Ri9ht+Left
Post.
(a) 11 hearts
(f) 1 heart(e) 3 hearts
,1ADRCA~
(b) 1 heart ~
AD ~JJAD~ ~c.
Cx
AD
~cx RCARCA @~(
1 heart
0J~ A&ex~f(P5
Cx
(e) 2 hearts (d) 1 heart
Results
Pathologic findings. The aorta was positioned anteriorly
and to the right of the pulmonary trunk in 18 of the 20
specimens. In one heart, the aorta was anterior and to the
left, and in the other, there was a side by side relation of the
great arteries, with the aorta being to the right. Left-sided
juxtaposition of the atrial appendages was found in one
heart. The ductus arteriosus was patent in five specimens (all
aged <I month). Myocardial hypertrophy, degeneration and
mural thrombosis were observed in one case from a patient
who died 12 years after the Mustard procedure.
In all cases. the aortic sinuses supporting the coronary
arteries faced the corresponding sinuses of the pulmonary
trunk. These sinuses were described as right- and left-facing
sinuses, respectively (II). In II hearts with the aorta in the
anterior and right-sided position (including 3 hearts that had
undergone the switch operation) and in the I heart where the
aorta was to the left of the pulmonary trunk, the right
coronary artery arose from the left-facing sinus and the left
coronary artery arose from the right-facing sinus. In all these
cases, the left coronary artery branched into anterior de-
scending and circumflex arteries (Fig. la). In the heart with
a side by side relation of the great arteries, the left-facing
sinus gave rise to the circumflex artery, which took a
retropulmonary course, and the right-facing sinus supported
the right and anterior descending arteries (Fig. Ib). In two
other hearts, the right coronary artery originating from the
left-facing sinus branched into posterior, anterior descending
from 2.8 to 58 kg (mean 9.6) and their length from 45 to 170
em (mean 70.5).
Pathologic examination and measurements. The speci-
mens had all been fixed in formalin. They were studied with
regard to the relation of the great arteries, the origin and
branching patterns of the coronary arteries and the number
and anatomic features of the coronary artery orifices. The
coronary arteries were dissected beyond the aortic wall, and
thick slicks of approximately 3 mm were cut from each main
arterial stem. The slices were examined under a light micro-
scope connected to a BBC computer and a graphics tablet.
This apparatus was used to measure the perimeter of the
lumen, which was illuminated by cold light. The luminal
diameters were then derived by assuming that the vessels
were circular in cross section (9). The mean of three mea-
surements was taken for each slice. For further histologic
studies, they were stained according to the elastic van
Gieson method. Attention was focused on intimal changes of
the vessels, which were graded in three stages (0). We then
measured the heart weight, thickness of the free left and
right ventricular walls, maximal thickness of the wall of the
right ventricular outflow tract and thickness of the ventric-
ular septum. Coefficients of correlation and t tests were
established by applying statistical methods.
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Figure 2. A. Diameter of the right coronary artery .!! '0'0
versus patient age in 20 hearts with complete trans- >- N >- N
S M ! Mposition (r = 0.646, p :s; 0.05). The ellipse indicates ..
Cll
the 95% tolerance limits of values determined >->- Iechocardiographically in normal hearts (7). The as- Ii CQ CQc ... ...terisk indicates the four hearts studied after an 2
arterial switch procedure. B, Diameter of the right 0 uu :!
coronary artery versus body weight in 20 hearts with :! 0 .2'
complete transposition (r = 0.514, p :s; 0.05). .2' II: 0II:
well as between the thickness of the right ventricular walls
and age (r = 0.621 for the right ventricular wall and r = 0.624
for the right ventricular outflow tract wall; p :s;; 0.05). There
was only a weak and statistically insignificant linear corre-
lation between left ventricular wall dimensions and age (r =
0.444 for the left ventricular wall and r = 0.546 for the
septum).
Right ventricular dimensions were not significantly
greater than those of the left ventricle in "unswitched"
hearts. Nevertheless, compared with measurements in nor-
mal hearts (12), all hearts had right ventricular hypertrophy,
whereas the thickness of the left ventricular walls was below
normal values in hearts of patients aged 2:: 1 year.
Coronary artery measurements and correlations. The cor-
onary artery diameters ranged in size from 1.1 to 4 mm for
the artery arising from the left-facing sinus and from 0.6 to
4.8 mm for the artery originating from the right-facing sinus;
multiple orifices were calculated as if forming a single one.
No significant differences were noted between the diameters
of the right and left coronary arteries.
A significant linear correlation could be demonstrated
between the diameters of the proximal coronary arteries and
patient age, weight and length, respectively (right coronary
artery; r = 0.646 for age, r = 0.514 for weight [p :s;; 0.05] and
r =0.667 for length [p:s;; 0.01]; left coronary artery: r =0.643
for age, r = 0.661 for weight and r = 0.606 for length [p :s;;
0.05]). The majority of the measured values fitted well into
the 95% tolerance limits of the dimensions established
echocardiographically for normal coronary arteries when
account was taken of coronary artery dominance (Fig. 2 and
3). The combined diameter of the proximal coronary arteries
showed a linear correlation with heart weight (r = 0.767, p :s;;
0.001).
There was only a weak linear correlation, however,
between the dimensions of the coronary arteries arising from
the left-facing sinus and the thickness of the right ventricular
E I~
'If. .. 'If.
S CD I CDIIE.; '0
Figure 3. A, Diameter of the left coronary artery CD • >->- oj i •versus patient age in 20 hearts with complete ..! 1::
transposition (r = 0.643, p :s; 0.05). B, Diameter of Ii Cll>-
the left coronary artery versus body weight in 20 ~ N ICll Mhearts with complete transposition (r = 0.661. P :s; c20.05). Symbols as in Figure 2. 0 uu i~ CQ... ...l
0
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wall (r = 0.248 and r = 0.381 for right ventricular wall and
outflow tract, respectively), as well as between the diame-
ters of the coronary artery originating from the right-facing
sinus and the thickness of the left ventricular walls (r = 0.375
and r = 0.452 for left ventricular wall and septum, respec-
tively). This linear increase in the diameter of each main
coronary artery along with its ventricular wall thickness
seemed to be slightly greater for the left side and to be less
marked in hearts after the arterial switch procedure.
Histologic findings. Histologic studies of the coronary
arteries were possible in 15 of the 20 hearts. Structural
changes were minimal in seven hearts, with changes being
noted in the intima and internal elastic membrane. Moderate
intimal changes were seen in one heart, with splitting of the
internal elastic membrane and formation of a musculoelastic
layer. Intermediate changes were observed in the coronary
arteries from another four hearts, whereas marked and
severe changes were noted in three. The latter were charac-
terized by gross intimal thickening, mucoid layers within the
media and formation of an external elastic membrane. There
was no obvious relation between these changes and the age
or history of the patients.
Discussion
Coronary artery distribution. The pattern of coronary
artery origin and distribution seen in our specimens reflects
the well known anatomic heterogeneity found in hearts with
complete transposition of the great vessels (1-5). Of partic-
ular interest was the unusual origin of an artery from the
commissural attachment of the facing aortic sinuses, this
being seen in two of the hearts. One of these showed kinking
after the switch operation, suggesting that such minor vari-
ations are, indeed, not "innocent" (13). Passage of the left
coronary artery between the aorta and pulmonary trunk,
which was recognized in another specimen, may also jeop-
ardize myocardial perfusion (13). It has been claimed that
the "sandwiched" position of this artery can lead to its
compression (14). These findings stress the need to deter-
mine precisely before surgery the origin of the coronary
arteries along with their branching patterns.
Comparison with echocardiographic coronary artery diam-
eters in the normal heart. With continuing improvement in
the resolution of ultrasonic equipment, accurate definitions
are now possible by means of two-dimensional echocardiog-
raphy (15). Furthermore, the assessment of the diameters of
the coronary arteries may be helpful in evaluating the safety
of the arterial switch procedure and in determining any side
effects. Our measurements of the diameter of the proximal
coronary arteries show a linear increase with patient age,
weight and length similar to the values determined echocar-
diographically for the normal heart.
The comparison of echocardiographic measurements
with data taken from pathologic specimens, possibly dis-
torted by fixation, may be open to question. Nonetheless, it
does seem significant that arterial diameters determined in
our 20 specimens with complete transposition were directly
comparable with the values derived echocardiographically
from normal hearts (7), especially when the feature of
coronary artery dominance was taken into account. Mea-
surements not fitting into the demonstrated 95% tolerance
limits might reflect either abnormal branching patterns (such
as a single orifice for all arteries) or pathologic conditions
(such as pulmonary vascular disease leading to left ventric-
ular hypertrophy or coronary artery enlargement).
Coronary artery diameter and ventricular wall dimensions.
We were able to demonstrate a linear correlation between
the combined diameter of the proximal coronary arteries and
heart weight, suggesting that ventricular mass influences
myocardial blood supply by means of enlargement of the
coronary vessels. In complete transposition, the right ven-
tricle has to support the systemic circulation, while the left
ventricle is connected to the pulmonary trunk. With increas-
ing age, this arrangement is accompanied by a decreasing
ratio of left to right ventricular wall thickness (12,16). We
were not able to confirm unequivocally these findings in the
present investigation. Right ventricular hypertrophy was
demonstrated in all hearts, whereas reduced left ventricular
thickness was evident in patients> 1 year of age. In five of
our specimens, however, the left ventricle was thicker than
the right. In four of these, an elevated left ventricular
pressure had been present during life because of pulmonary
vascular disease. This is a higher incidence than previously
described (17). In one of the hearts, a metabolic disease was
suspected, which could have been responsible for the atyp-
icalleft ventricular hypertrophy.
The measured diameter ofthe coronary arteries was seen
to increase linearly with the thickness of the ventricular
walls. Nevertheless, despite the presence of right ventricular
hypertrophy, the right and the left arteries were comparable
in diameter. This fact was particularly striking in one heart
with myocardial hypertrophy and degeneration, where the
dominant left coronary artery was larger than the right
despite a thicker right ventricular wall. This brings into
question, therefore, the concept of complete transposition as
"a relatively constant developmental entity," not only with
respect to coronary artery patterns (18), but also in their
growth. Variations such as we encountered could explain
some late complications (for example, right ventricular dys-
function) in native hearts with complete transposition.
Histologic structure of coronary arteries. Coronary arter-
ies may adapt to different hemodynamic conditions, not only
with regard to their diameters, but also in their histologic
structure. Structural changes are known to occur, even in
the normal neonate, as a reactive mechanism to the elevated
pressure in the aorta after birth (10). Our specimens showed
intimal degeneration that did not differ from that described in
normal infants and children. There was no obvious relation
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of these results to other features such as age, history or
surgical correction,
Conclusions. The pattern of growth and development of
the coronary arteries in patients with complete transposition
of the great vessels with and without surgical correction
seems to be similar to that seen in the normal heart despite
the markedly different hemodynamics and the variety ob-
served in coronary artery origin and branching, The values
obtained echocardiographically in normal hearts are also
applicable in hearts with complete transposition and intact
ventricular septum, These will be important variables for
noninvasive follow-up investigations after surgical correc-
tion,
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